THEORY OF COMPUTATION 


FINITE AUTOMATA 
SOLUTIONS 
1. Finite automata can be used in 
(a) Lexical Analysis (b) Syntax Analysis 
(c) Semantic Analysis (d) None of these 


Solution: Option (a) 
Explanation: 


Finite Automata is used during Lexical Analysis to recognize tokens. 


2. Consider the following statements. 


(1) Kleen closure of an empty language is non-empty. 
(11) Some infinite languages are regular. 
(iii) L = {a" / P is a prime number} is a regular language. 


(a) Only (1) is true (b) Only (11) & (411) are true 
(c) Only (1) & (11) are true (d) All are true 


Solution: Option (c) 
Explanation: 


(1) Kleen closure of an empty language has the only string €. So, it is non-empty. 


b*= fe} 


(11) Some infinite languages are regular 
Eg: L = {a' / n> 0} is regular 


Language 
Finite Infinite 











Regular Language 
No memory Memory element 
element needed needed 
Language Non-Regular 
Contains different. Contains only. Eg: ja"b" | n=1 } 
symbols one symbol 
Regular 
Eg: ee n=>1,m=>1} Language 
String length isin AP | Sting length is notin AP 





Regular _ Nom Regular 
Eg: {a1 | n21} Eg: {a? | pis a prime number} 
or 


{am |n>1} 


. (111) is not true. 


3. For a given NFA with n state, the maximum number of state possible in the equivalent DFA is 


(a) | (b) n 
(c)n+1 (d) 2” 


Solution: Option (d) 
Explanation: 


Max. No. of states in DFA is 2” 
& Min. No. of states is 1 for an* NFA with n states. 


4. The minimal finite automata that accepts all strings of a’s & b’s, where the number of a’s is 


atleast ‘n’ contains number of states. 
(a)n—1 (b)n 
(c)n+ 1 (d)n+2 


Solution: Option (c) 


Explanation: 


Given È = {a, b} 
Iw] > n, where w E {a, b}* 


The minimal automata accepting this language has n + 1 states. 





(n times} 


5. Consider the minimal Finite automata that accepts all the strings of a’s & b’s where each 
string contains 


(1) exactly 5 a’s 
(11) atmost 5 a’s 


The No. of states in each case respectively are: 


(a) 6, 6 (b) 7, 7 
(c) 6,7 (d) 7, 6 


Solution: Option (b) 
Explanation: 


Given È = {a, b} 
(1) Iwl, = 5, where w E {a, b}* 


The minimal finite automata accepting exactly 5 a’s has 7 states (including a dead state). 





(Dead state) 
a.b 


i) Iwl, < 5, where w E {a, b}* 


The minimal finite automata accepting atmost 5 a’s has 7 states (including a dead state). 


Note: |w], = n > n+2 states 
|w], <n > n+2 states 


|w], > n > n+1 states 





6. Consider the Minimal Finite Automata that accept all the strings of a’s & b’s where no. of a’s 
is congruent to 2 mod 3. The no. of states in this automata is 


(a) 4 (b) 3 
(c) 2 (d) 1 


Solution: Option (b) 
Explanation: 


x = {a, b} 
w E {a, b}*, lwla = 2(mod 3) 


It means, the automata accepts the string having the no. of a’s as 2, 5, 8, 11, 14....... 
Clearly, there are 3 states only because of mod 3 and 3™ state will be the final state because of 2. 


”. MFA is 





=a | ON O) 
b b b _ 
= 7 | Acceptable 
i 4 5 i 
6 7 g string lengths 


Note: The no. of states in MFA that accept all the strings of a’s and b’s where |w|, = r(modn) or 
lwl, = r(mod n) is exactly n, and qr is final state. 


7. What is the number of states in a minimal finite automata that accepts all the strings of a’s & 
b’s where each string starts with ‘a’ and total length of the string is divisible by 3. 


(a) 3 (b) 4 
(c) 5 (d) 6 


Solution: Option (c) 
Explanation: 


w=ax & |w|=0(mod3) 






a.b 





8. What is the number of states in the minimal finite automata that accepts all the strings of a’s 
and b’s where each string starts with ‘bba’ and the length of the string is congruent to 2(mod 6). 


(a) 8 (b) 9 
(c) 10 (d) 11 


Solution: Option (c) 

Explanation: 

w=bbaX & |w|=2(mod 6) =æ accepts strings of length 8, 14, 20, 26, ...... 
0,1,2,3,4,5 


DFA for string starting with bba: 





Note: The minimal finite automata that accept all the strings of a’s & b’s where every string 
starts with substring ‘S° of length m and the length of the string is congruent to r(mod n) contains 
exactly m+1+n states. 
x = {a, b} 
w= Sx & |w] = r(mod n) 


|S] =m 
No. of states = m+n + 1 





9. Construct the minimal finite automata that accept all the strings of 0’s & 1’s is where the 
integer equivalent is congruent to 1(mod 4). What is the no. of states in minimal finite automata? 


(a) 4 (b) 3 
(c) 2 (d) 1 


Solution: Option (b) 
Explanation: 


Binary number = 1(mod 4) 





We can further minimize the finite automata: 


y Merge qo & q2 | We can also do this by grouping: 
{qo q2 q3} {q1} 
{qo q2} {qs} {q1} 





10. Construct the minimal finite automata that accept all the strings of 0’s and 1’s where the 
integer equivalent of the binary string is congruent to 3 mod 6. What is the number of states in 
the minimal finite automata? 


(a) 6 (b) 5 
(c) 4 (d) 3 


Solution: Option (c) 
Explanation: 
Given the integer equivalent of binary string is = 3 mod 6. 


.. There are 6 states in DFA. 


Merge qi & q4, 
qi & qs 





ql, q4 are equivalent 
& Minimal Finite Automata 
q2, q5 are equivalent 





+ G14 





alo |s 


11. Given È = {0, 1}, the minimal finite automata that accepts all the strings from the given 
alphabet where the integer equivalent of the binary string is congruent to 5(mod 8) has 
no. of states. 


(a) 8 (b) 7 
(c) 5 (d) 4 


Solution: Option (d) 
Explanation: 


Transition table of DFA: 


[8 | 0] 1 | Equivalentstates 


qo = q4 0 

qo = ds Equivalent states 

= 4 q =q; 
—) 





-. The minimal finite automata that accepts the integer equivalent of strings formed by 0’s & 1’s 
where = 5(mod 8) has 4 states. 


Note: 


Binary Number = r(modn) 


a 


-i nis odd nis even 
Minimal 
Finite | ae 
Automation No ofstates isn ifn=?= ifn +22 


No. of states =m + 1 


Since it is congruent to 5(mod 8) and 8 = 2°, number of states in MFA is 3+1 = 4 states 


12. Given language L = {a"b"c | m,n,p > 0}, È = {a, b, c}. Find the number of states in minimal 
finite automata of the above language. 


(a) 3 (b) 4 
(c) 5 (d) 6 


Solution: Option (b) 
Explanation: 


The given language contains 
e, a", b°, cP, ab” bc’ a” cc}... 





Minimum length of the string = 0+0+0 = 0 


13. Given L = {a b'c’d" | m,n,p,q > 0}, È = {a, b, c, d}, find the number of states in the minimal 
finite automata of the language. 


(a) 3 (b) 4 
(c) 5 (d) 6 


Solution: Option (c) 
Explanation: 


The given language contains 
e, a”, b”, c’, d4, a™b”, b'c®, cPd4, a" b'c?, ..... 


Minimum length = 0+0+0+0 = 0 


a oo dq 


b 3 
Qee a,b,c,d 
> | : 





Note: If Given language is of the form 


L={a,"1a,"....... Ap * | Ny, Ng, we Ny = O} 
G&L = Apana „ag } 


Then Number of States in minimal finite automata = |È| + 1 
Eg: Let L = {a™ b"? ...... n26 | 11, Noy ae ans Nz, = 0} 


No. of states in MFA is |X| + 1 = 26+ 1 = 27 


14. Given a language L = {a™b" | m>0, n>2!, L={a, b}. Find the number of states in the minimal 
finite automata that accepts the above language. 


(a) 3 (b) 4 
(c) 5 (d) 6 


Solution: Option (b) 


10 


Explanation: 


The language contains 
b”, ab’, ab”, ab”, ...... 


Minimum length = 2 


^ No. states = 2+2 = 4 





MFA 


15. L = {a"b" | m>0, n>2016}, Ł={a, b}. Find the no. of states in the minimal finite automata 
that accepts this language. 


(a) 2016 (b) 2017 
(c) 2018 (d) 2019 


Solution: Option (c) 
Explanation: 


If the given language is of the form 
L = {a"b™ | m>0, n>k} 


Then no. of states in minimal finite automata that accepts this language is k+2 (k is the minimum 
length of any string). 


-. Language L = {a'"b" | m>0, n>2016} 


No. of states = 2016 + 2 = 2018 


16. The number of states in MFA that accept all the strings of a’s & b’s where each string 
contain odd occurrence of the substring ab is 


11 


(a) 4 (b) 5 
(c) 6 (d) 7 


Solution: Option (a) 


Explanation: 





L= {ab, bbaab, babaa, bababab, ...... \ 


17. The number of states in MFA that accepts all the strings of a’s & b’s where each string 
contains even occurrences of substring ab 


(a) 4 (b) 5 
(c) 6 (d) 7 


Solution: Option (a) 
Explanation: 


L = {e, abab, babaaab, ...... \ 
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18. What is the number of final states in the minimal finite automata, where È = {a, b}, if every 
string start with “aa” and length of string is not congruent to O(mod 4) 


(a) 4 (b) 3 
(c) 2 (d) 1 


Solution: Option ( b) 
Explanation: 
Given that length of string is not congruent to O(mod a). 


Let us construct automata for the language that accepts strings of length congruent to O(mod 4) 
and complement it to get the automata that accepts all the strings of lengths not congruent to 
O(mod 4). 





The minimal finite automata that accepts strings that start with “aa” and length of string is not 
congruent to O(mod 4) is: 
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